This paper presents three cases and the summary of a fourth case, in which occlusion of a renal artery was the cause of hypertension. Three patients were relieved of hypertension by nephrectomy. The literature on nonembolic renal artery occlusion with hypertension is reviewed, including 21 autopsy reports and 16 cases in which the patients were relieved of hypertension by nephrectomy or thromboendarterectomy. When a patient is found to have renal hypertension, the possibility of renal artery occlusion should be considered. Translumbar aortography currently is the best means of demonstrating renal artery occlusion.
SINCE Goldblattl demonstrated in 1934
that compression of one or both renal arteries with a metal clamp will produce hypertension in dogs, the clinical implications of experimental hypertension have been extensively explored. It is now generally accepted that a causal relationship exists between various lesions of the kidneys and hypertension in human beings. Unfortunately, the term "Goldblatt phenomenon" has been loosely applied to many clinical and pathologic conditions which do not simulate the state experimentally elicited by application of an arterial clamp. Several recent reports have described patients with obstructive lesions of one or both main renal arteries who exhibited the syndrome of malignant hypertension and in whom the arterial occlusion seems to have preceded the onset of hypertension. Such cases represent a close parallel to experimental renal arterial hypertension. Correlation of clinical data with pathologic findings has facilitated accurate diagnosis of this type of renal hypertension and has clarified the urgent indications for early definitive treatment. This paper presents reports of three patients who had renal hypertension and clinical and pathologic evidences of occlusion of one main renal artery or a major branch. Each of these patients was relieved of hypertension follewing nephrectomy. A fourth case, previously reported by Fisher and Corcoran,2 is presented in summary. The aim is to emphasize the sigFrom the Department of Urology, The Cleveland Clinic Foundation, and The Frank E. Bunts Educational Institute, Cleveland, 0. 37 nificance of renal artery occlusion as a cause of hypertension and to describe the recognition and treatment of this condition, with special emphasis on the value of aortography in demonstrating the lesion.
CASE REPORTS Case 1. In December 1952, R. V. S., a 30 year old white man, suddenly developed right loin pain that persisted for five days. An intravenous urogram revealed a nonfunctioning right and a normal left kidney. No opaque calculi were seen along the urinary tract. Four days later a second intravenous urogram showed prompt excretory function of both kidneys, although there was poor concentration of contrast medium in the right kidney. The urinalysis was negative for sediment and albumin. Blood pressure was not recorded at that time.
Four months later, the blood pressure was slightly elevated with a systolic of 146. A month later the blood pressure was 240/140 and the patient complained of frequent morning headaches. There was no family history of hypertension.
A month later, the blood pressure was 180/130 and the patient had lost 12 3C) ; the left main renal artery was not visualized. The arterial distribution to the right kidney was normal. The left renal artery was considered to be completely occluded. This was believed to be the cause of his malignant hypertension. Left Etiology: Yuile"0 reviewed occlusive lesions of the main renal arteries in hypertensive patients and classified their etiologies as either extrinsic or intrinsic. Extrinsic causes of renal artery occlusion are aortic or renal artery aneurysms, hematomas, compression by adjacent cyst or tumor and twisting of the renal pedicle. Intrinsic causes of narrowing or occlusion of the renal artery are arteriosclerotic plaques, syphilitic arteritis, thrombosis, embolism and congenital or arteriosclerotic stenosis of the aortic orifice of the renal artery.
Arteriosclerotic narrowing of renal arteries is a common finding at autopsy and usually is associated with widespread arteriosclerosis. Several investigators"1 12 attempted to show a correlation between arteriosclerotic constrictions of the renal artery and hypertension, but others'3' 14 were unable to demonstrate any relationship between the caliber of the renal artery and the level of blood pressure. Yuile'0 pointed out that arteriosclerotic lesions of main renal arteries usually were associated with intrarenal arteriosclerosis and that pre-existing hypertension probably was a cause of both these lesions, rather than a result of the one.
Several cases have been reported of rapidly fatal, malignant hypertension caused by embolic occlusion of the renal artery in which the autopsy findings were carefully correlated with the clinical data.'5 16, 17 Transient hypertension has been reported to result from renal vascular injury due to embolus.'5' 18, 19 The longest reported duration of hypertension following renal infarction of this type is 21 days. The size of the embolus and the extent of the renal infarction determine the course following such a vascular injury.
It should be pointed out that renal infarction can occur without causing hypertension. Regan and Crabtree20 reviewed the literature and summarized the important clinical and pathologic data of 94 patients who had arterial, venous, or traumatic infarction of the kidney. Hypertensive vascular disease was not reported to be present in this group of patients. Most were considered to have complete aseptic infarction of the kidney, and many were subjected to surgery shortly after the onset of symptoms. In others, the diagnosis was presumptive, the patients recovering without surgery.
Infarction of the kidney usually results in complete loss of excretory function and destruction of the kidney. Partial infarction, however, produces areas of atrophy in the renal cortex surrounded by normal tissue. Decrease in renal size results, but excretory function may seem to remain unchanged unless accurately measured and compared with the opposite kidney. Cases of patients with hypertension resulting from such a renal injury have been reported.21 22 Of particular clinical interest are the unilateral thrombotic renal artery lesions which cause sudden onset of renal hypertension. A number of case reports have been published which present the clinical history and pathologic findings at autopsy. Reports have appeared of 16 patients successfully treated by nephrectomy or thromboendarterectomy, with restoration of normal blood pressure. These are summarized in table 1. Renal Pathology: A review of the vascular and renal lesions, found in three patients with unilateral renal artery occlusion and with the syndrome of malignant hypertension, was presented by Laforet.2' In two instances the renal artery was occluded by a thrombus; the renal artery of the third patient was obstructed by a metallic foreign body. Microscopic examination of the ischemic kidneys supplied by the occluded arteries showed tubular atrophy, increase in interstitial tissue, and a benign type of nephrosclerosis. The nonischemic kidneys, which were supplied by patent renal arteries, all showed necrotizing arteriolar lesions, characteristic of malignant nephroselerosis. This accords with the view that renal artery obstruction protects arterioles of the ischemic kidney; whereas, under the impact of hypertension, the kidney with the normal renal artery develops malignant nephrosclerosis.
In animals, the severity of experimental renal hypertension depends in part upon the proportion between ischemic and nonischemic renal tissue. That this may hold true in human 
